In this review, various sample preparation techniques for GC-MS analysis of alcoholic beverages have been discussed along with its applications. GC-MS based analysis is less time consuming, more sensitive and more accurate. Therefore, it is important to develop more sensitive methods for the analysis of alcoholic beverages. In this review, an attempt has been made to summarize the work accomplished so far in the field of analysis and detection of alcoholic beverages.
alcohol is further categorized into three types: a( )Licit( Informal alcoholic products )manufactured at small licensed factories using standard methods(, b( Illicit alcoholic products )illegally produced in unlicensed small distilleries(, c( Surrogate alcoholic products )preparations containing ethanol, which are not intended for human consumption(. According to WHO [8] , about 25% of all alcohol consumed globally is unrecorded, but this figure is higher in some countries. Areas with the highest overall alcohol consumption are Europe, USA, and West Pacific Region, with a per capita alcohol consumption of 10.9, 8.4, and 6.8 liters per year, respectively. However, per capita consumption of unrecorded alcoholic beverage is highest in Europe, Africa and the Western Pacific Region (1.9, 1.8 and 1.7 liters pure alcohol, respectively(. Unrecorded alcohol, as a proportion of total alcohol consumed, is highest in the Eastern Mediterranean )57%(, South-East Asia )47%( and Africa )30%(.
Forensic significance of liquors as evidence
Various economic, social, cultural and government policy factors are responsible for the increasing production and consumption of unrecorded liquors. Since the unrecorded alcohol is produced from readily available raw materials, they are cheap in comparison to licensed liquor.
The production and consumption of unrecorded alcohol are major issues related to the beverage industry [4, 9] . This problem is especially significant in developing countries.
Another aspect of the liquor problem is the high mortalities related to disease caused by alcohol and due to consumption of hooch. Cases pertaining to drunken driving also add to the forensic cases. To make the situation worse, there is no internationally accepted standard method for analyzing liquor samples in forensic cases along with any type of database. In this review paper, an attempt has been made to summarize the current methods available for the analysis of various types of liquors [5] .
In the present review, various aspects of analysis of alcoholic beverages using gas chromatography -mass spectrometry )GC-MS( have been studied. Search engines like
Introduction
Alcohol has been a part of human society and culture for millennia. It is believed that the first alcohol must have been produced when bacteria consumed plant material nearly 1.5 billion years ago. The first evidence of manufacturing of alcohol comes from Mesopotamia, modern day Iraq, around 3500 BCE. Alcohol serves different roles in the life of an individual as well as the society as whole [1] .
Heath observed that alcohol can at the same time be a food, a drug and a highly elaborated cultural artifact with important symbolic meanings [2] . Alcohol is used as a beverage served with meals, a thirst quencher, a means of socialization and enjoyment and as a means of intoxication [3, 4] .
Despite the grand status of alcohol in history, it has grown into a big threat to the society. It is being abused widely, which has resulted in adverse social and health effects [5] .
Based upon its use, ethanol can be differentiated into fuel, the one used for scientific (research laboratories), or technical purposes; and ethanol which is used in alcoholic beverages. Ethanol, which is the main psychoactive component in alcoholic beverages, has attracted a lot of attention in recent years for its utility as biofuel. Ethanol is a renewable resource which makes it a suitable substitute for petroleum products. Generally, absolute ethanol is mixed with gasoline for use as fuel [6, 7] . Ethanol used for laboratory purposes is of a very high purity, 99% or above.
Alcoholic beverages produced all over the world may be categorized into two categories: recorded and unrecorded alcohol [3] . Recorded alcohol is that part of alcohol which is consumed globally and is reflected in the official statistics on production, cross-border trade and sales figures of the country of production. However, a significant part of alcohol consumed in different parts of the world is not reflected or shown in such statistics and surveys. Such alcohols are known as "unrecorded alcohol". The unrecorded [12] Continued on the next page 
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Google Scholar, ScienceDirect and PubMed were searched using combinations of keywords such as gas chromatography-mass spectrometry )GC-MS(, alcoholic beverages, wine, whiskey, illicit liquor, geographic origin, characterization, etc. for literature published after 2000.
Qualitative analysis
Qualitative analysis or identification of components of different alcoholic beverages can be done using compari- 
Quantitative analysis
Apart from qualitative analysis, the determination of the concentration of the components is also important for identifying an alcoholic beverage. This process includes addition of internal standards to calculate the recovery percentage. Standards are also used to prepare the calibration curves which again help in quantifying the components.
These parameters are discussed below.
Internal Standard
To compensate for variations in the analytical method, a known concentration of an internal standard is added to the sample during calibration and validation of the method as well as in practical application. The response coefficient of the internal standard is known or arbitrarily fixed [10] .
Its concentration is in about the same range as that of the analyte)s( of interest. It is added prior to any chemical derivatization or any other treatment of the sample [11, 12, 13] .
The internal standard must not be present in the sample and there must be no compound present that has the same retention time in the chromatogram. It should elute near the peak of interest. It must be chemically similar to the analytes of interest and must not react with any sample components.
In Table- [14] . Liquid-liquid extraction using ammonium sulphate and dichloromethane [15] , 4-ethylphenol and 4-ethylguaiacol [16] , pentane and dichloromethane )3:1( and carbon disulphide [17] , sodium sulphate and dichloromethane [18] , pentane, pentane-diethyl ether 
Headspace Extraction
Headspace sampling is essentially a separation technique in which volatile components of the gas phase above a liquid or solid sample matrix are analyzed. Headspace can be either static or dynamic. Both static [20] and dynamic [21] have been successfully used for the analysis of alcoholic beverages. Static headspace has shown great advantage in which intermediate trap phases were involved [22, 23] . Headspace can be combined efficiently with SPME to produce better results [24] [25] [26] .
Some variants of the headspace technique are the purge and trap methods. In purge and trap analysis, a sample is continuously purged with an inert gas, and volatiles are transported from the sample to a trap with sufficiently high retention power. After purging, the trap is heated and the trapped volatiles are released onto a GC column [27, 28] . Using purge and trap extraction, Mamede and Pastore extracted 25 volatile components in the aroma of the Chardonnay and Pinot Noir fermented grape musts [29] . Static headspace and Purge and trap extraction was 
Solid Phase Microextraction (SPME)
SPME has three modes of operation: the direct-immersion extraction )DI-SPME(, headspace extraction )HS-SPME(, and membrane protected SPME [31] . While selecting fibers, parameters such as sensitivity, lack of affinity for interfering compounds, fast desorption, and low sample carry over must be taken into consideration [32, 33] .
Stashenko et al. [32] reported seven types of SPME fibers available commercially, which include 1( Non-polar In alcoholic beverages, a major portion is constituted by volatile components. Therefore, the SPME is often used in combination with headspace [26, 27, [34] [35] [36] [37] [38] [39] . The most common fiber used is Polydimethylsiloxane (PDMS) [19, 24, 30, 36, [40] [41] [42] [43] [44] [45] . Polydimethylsiloxane (PDMS) fibers often provide the highest efficiency along with extracting the maximum number of compounds for volatile polar compounds [31] . Carboxene/polydimethylsiloxane (CAR/PDMS) fiber can also be used for the extraction of trans-level volatile components from alcoholic beverages [18, 19, 39, 42, 43] . The Polyacrylate fiber [19, 42] is another type of fiber commercially available for extraction of volatile compounds. However, polyacrylate as well as divinylbenzene fibers show a considerable affinity to ethanol and are therefore less suited for the extraction of other volatile components from alcoholic beverages [65] .
From a theoretical point of view, the amount of analyte extracted into the fiber coating is the same at equilibrium for direct immersion and headspace sampling provided that the sample vial and the volume of the liquid sample and the gaseous headspace are the same. However, headspace has the large advantages of excluding non-volatile substances and of avoiding fiber corrosion by the liquid phase.
Due to the accumulation of the analyte on the fiber, much more analyte can be injected into the GC-MS than by static headspace injection, which leads to strongly increased sensitivity. However, SPME suffers from a lack of precision and high fiber to fiber variations. Highest reproducibility is attained only when all calibration and measurements are performed continuously with the same fiber and by use of deuterated internal standards. Moreover, the high price of fibers along with their fragile nature makes them less preferable. Furthermore, the variety of coatings currently available commercially for extraction procedures is limited. Due to this, the number of components which can be extracted using this method is severely limited.
Stir-Bar Sorptive Extraction (SBSE)
To overcome the limitations of SPME, SBSE was developed in which a magnetic stir bar, coated with polydimethylsiloxane )PDMS(, is rotated in an aqueous sample. Once the equilibrium is reached, the magnetic stir bar is first rinsed with distilled water to remove the excess of the sample adhering to the outer surface of the magnetic bar. Then, the magnetic bar is placed on the liner of thermal or liquid desorption system to enable GC analysis [27, 46] . This extraction technique is new, and its application in the field of beverage analysis is yet to be explored. At present, the only polymer commercially available as stir-bar coating is that of polydimethylsiloxane )PDMS( [47] . Coelho et al. [46] used SBSE with liquid desorption )SBSE-LD( followed by large volume injection and subsequent qualitative and quantitative analysis with GC-MS of varietal and fermentative volatiles in sparkling wines. SBSE extraction greatly influenced the quantitation of major as well as minor components. A stir bar recovery of polar analytes is low. Therefore, a stir bar coated with materials that shows higher affinity for polar compounds would improve SBSE flexibility and selectivity while maintaining its concentration capacity [47, 48] .
Selecting an appropriate extraction method
The analytical performance of an extraction method may greatly affect the results of )GC-MS( analysis. A good extraction technique must have good linearity, a wide range of extracted components, low detection limits, high recovery for more components and high sensitivity [49] . As discussed above, several isolation and concentration methods developed for isolation and concentration of analytes include solvent extraction, headspace extraction, SPME and SBSE. With solvent extraction, all volatile compounds require solvent evaporation, which might result in loss or degradation of some of the components and formation of adducts originally absent in the sample [29] .
Headspace techniques are fast and no sample preparation is required, but they suffer from a disadvantage of low sensitivity. SPME and SBSE are effective extraction techniques and can be used for both direct extraction and extraction through headspace. Contrary to SPME, where numerous fiber coating materials are available commercially, only one type of stir bar coating is available for SBSE i.e. of nonpolar medium polydimethylsiloxane )PDMS(. This limits the sensitivity and number of compounds extracted using SBSE [31] .
Caldeira et al. [18] observed that out of LLE and HS-SPME, HS-SPME produces better results in terms of number of components extracted as well the quantity extracted. Wang et al. [50] compared the analytical efficiency of SPME using sol-gel and LLE method in identifying the components of alcoholic beverages. SPME appeared to be a better technique for extraction of volatile components from alcoholic beverages.
Demyttenaere et al. [51] compared SPME using three fibers with newly developed SBSE. Qualitatively, both SPME and SBSE performed equally; however, SBSE showed better enrichment of identified components, even when higher split ratios were used. This was the result of a higher amount of polymer that covers the bar, proving higher sensitivity of SBSE. However, SBSE suffers from the limitation of ineffective desorption. When used with split desorption-split injection mode, because of lacking desorption device, it does not improve significantly the results obtained by SPME. [12, 52, 66, 67] , time of flight mass detector [25, 36, 37, 67] , and quadruple mass detector [13, 68] . Quadruple mass analyzers produce classic mass spectra with good reproducibility. These are relatively low cost systems.
Detector conditions
However, quadruples produce low resolution mass spectra and their peak height vs. mass response must be tuned. Therefore, the characterization of the volatile fraction becomes an important part in maintaining the quality of liquors [70, 71] . Some volatile components are universally found in all liquors and some volatile components are specific to a certain type of alcoholic beverage. Such volatile components can be used in differentiating the different liquors [13] . A gas chromatography with mass spectrometric detector is used to create component profiles of various alcoholic beverages traditionally manufactured in different countries. Volatile components of beer [72, 73] , wine [24, [74] [75] [76] [77] whiskey [78] , rum [79] , tequila [80] and other traditional alcoholic beverages [56, 71, 83] and other alcoholic beverages [88, 50, 53, 56, 71, 72] have been reported. Table 1 illustrates the different types of components reported in different studies.
Congener analysis
Congeners are all compounds in an alcoholic beverage other than water and ethanol that assist in the distinctive aroma, flavor and appearance of the beverage [81] . These congeneric products which distil along with the ethanol after fermentation provide a "fingerprint" that can assist in identifying the type of spirit. The final concentration of congeners in the alcoholic beverage broadly depends on the raw materials used for fermentation, various parameters of fermentation used, and the distillation process. Around 600-800 congeners have been reported in beer, spirits and wines. The concentration of different congeners and their relative concentration must be taken into consideration while interpreting the results of congener analysis [82] .
Congeners can be produced either by the cross-reaction of different fermentation products [25, 83] or by degradation of amino acids [81] . The production of congeners is also affected by availability of amino acids, presence of other carbon sources such as carbohydrates, and different strains of yeast fermenting at variable rates consequently producing different congener profiles. Another factor affecting congener profiles is the distillation. Although distillation results in decrease of total congener volume in an alcoholic beverage, the relative congener concentration produced during the fermentation is increased. Most of the congeners having boiling points similar to ethanol are retained [81] .
Maturation and secondary fermentation can also result in a change in the concentration of congeners in alcoholic beverages. [45] . High accuracy rates of classification )above 80% in every case( have been reported by Cheng et al. [45] , Counet et al. [84] , Cynkar et al. [85] , and Berna et al. [86] . More research must be done in this field to validate the available results.
Geographic origin of alcoholic beverages

Adulteration of alcoholic beverages
Methanol is cheap and readily accessible; therefore, it is one of the most common adulterants used in alcoholic beverages, especially in developing countries. These have been used in the production of imitated spirits and wine [87] . Its accidental intake results in severe intoxication due to formation of formic acid, which has a long half-life and results in severe acidosis. There have been several methods reported for qualitative and quantitative analysis of methanol in alcoholic beverages. Wang et al. used direct injection capillary gas chromatography for rapid determination of methanol [87] . Simultaneous determination of ethanol and methanol in alcoholic beverages have been reported by Zhang et al. [61] and Wang et al. [88] . The determination of methanol and its derivatives in illegally produced unrecorded alcoholic beverages have been studied using GC-MS [60, 68] .
Analysis of unrecorded and surrogate alcohols
Unrecorded alcohols consist of illicit liquors and traditional alcoholic beverages. The main purpose of manufacturing such alcoholic beverages is tax evasion, profit, and to impede law enforcement agencies. The alcohol content varies significantly, and their quality is suspicious. Traditional alcoholic drinks are location specific and are manufactured using raw materials found in that area. Unrecorded alcoholic beverages have been analyzed using gas chromatography-flame ionization detection by Mapitse et al. [66] .
Surrogate alcohols include alcohol containing medicines and other spirits such as fluids for lighting fires and aftershaves [55, 64] .
Conclusion
The forensic analysis of alcoholic beverages constitutes a very important position in many toxicological cases. In this review, various methods for extraction of various volatile components were discussed along with their advantages and limitations. Furthermore, the application of GC-MS in qualitative and quantitative determination of volatile components of alcoholic beverages was discussed. From the literature review, SPME is the best extraction method available. It is evident that far too little analytical work has been done in the field of determining geographic origin using aroma components of liquors. More work is being done in this field and, therefore, the present review is an important addition to knowledge in this area.
